Cs volumetric activity (VA) Cs volumetric activity variations in the range of 49-91 Bq/m 3 were observed. These variations are related to possible appearance of additional sources of radioactive contamination in the sea. Evidently, such sources did not exist in 2005, when a satisfactory coincidence of measured and calculated results was obtained.
Introduction
For the first time radionuclides of an artificial origin were supplied into the Baltic Sea with the global fallout as a result of the tests of nuclear and thermonuclear weapons in the atmosphere [1] . Later this sea was also contaminated by various nuclear objects and by the permeation of radionuclide 137 Cs from the North Sea [1] [2] [3] . After the accident at the Chernobyl Power Plant (ChPP) in 1986, an average 137 Cs volumetric activity (VA) in the surface waters of the Baltic Sea grew by more than an order of magnitude [4] [5] [6] [7] [8] [9] [10] relative to the radioactive background (12 Bq/m 3 ) formed after nuclear tests in the atmosphere [1, 2] . In 1986 a growth in the VA of artificial radionuclides was also observed [11] , but the surface waters of the Baltic Sea were practically purified from these radionuclides within rather short periods [2] . The publications [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] , etc present the distribution of the 137 Cs radionuclide VA after the accident at the ChPP. The fallout of radionuclide 137 Cs onto the surface of the Baltic Sea was nonhomogeneous. A maximum fallout of this radionuclide was deposited in the northern part of the sea and the Gulf of Bothnia [2] . During a period of time, a levelling of the 137 Cs VA in the surface waters took place; the end of this process may be ascribed to 1989, when its VA appeared to be about 150 Bq/m 3 [12] . Until now an increased 137 Cs VA (45-50 Bq/m 3 ) in the southeastern part of the Baltic Sea (SEPBS) considerably exceeded the radioactive background formed by the global fallout [20] . By 1996 the 137 Cs VA in the SEPBS appeared to be vertically homogeneous [22] .
The description of the self-purification of the Baltic Sea from 137 Cs radionuclide was made by a number of authors using mathematical modelling [12, 13] . The authors of studies [13] considered the physical processes including the advection and mixing of the waters between the neighboring "boxes", sedimentation of the suspended matter over the entire depth, mixing and displacement of the sediments, and bioconcentrating. Using this model, one may forecast an average annual VA of a radionuclide in the seawater, sediments and biota.
The other model [12] is simpler in terms of calculations. This model includes the vertical turbulent diffusion in seawater, the natural radioactive decay and the global fallout occurring until now.
The first [13] and the second [12] models describe the variation of 137 ). These data, in some cases, are in agreement with the results of in situ measurements in the SEPBS and coastal waters.
However, in a number of cases pronounced divergences were observed between the theoretical and experimental results, when the measured VA of 137 Cs radionuclide exceeded its calculated values. In particular, the measurement results of 137 Cs VA in coastal waters in 2003 often exceeded the calculated data by 20-50 %.
The detailed measurements of 137 Cs VA in the coastal waters of the SEPBS were carried out in 2004. The obtained results showed that the measurement values exceeded calculated data two times or more [20] . However, a satisfactory coincidence of measured and calculated results in the summer and autumn of 2005 was observed.
The objective of the present investigation is analysis and generalization of experimental data and search of possible cause of the various course of 137 Cs VA in the coastal waters of the Baltic Sea in 2003-2005.
Measurement method
The method of radiochemical precipitation of radionuclide 137 Cs in seawater samples was used during this study as described in [17, 19] . The procedure of ferrocyanide-carbonate precipitation was carried out. Seawater samples were taken from 0,5 m depth in coastal waters to water tanks of 40-50 liters in volume [17, 19] . The yield of 137 Cs was determined gravimetrically in the form of Cs 3 Sb 2 I 9 . The yield values of caesium varied within 60-80 %. The activity of 137 Cs was registered by a gamma spectrometer with a semiconductor detector. The determination error for 137 Cs VA amounted 10 %.
Measurement results and their analysis
The measurements of 137 Cs radionuclide VA in the coastal waters of the Baltic Sea near Juodkrantė (Fig 1) were carried out in [2003] [2004] [2005] . Some results were obtained in Nida too. As far as the global fallout of 137 Cs onto the surface of the Baltic Sea was nonhomogeneous [6] , thus to the period of 1989-1990 the process of levelling of VA of the mentioned radionuclide was over. The 137 Cs VA field change in the surface waters of the Baltic Sea occurred under the effect of meteorological situations and the process of turbulent diffusion. The change in VA of this radionuclide in the coastal waters was observed too.
Since the beginning of 137 Cs VA field structure levelling in the surface waters of the Baltic Sea up to now, a gradual decrease in VA of this radionuclide was observed. However, temporal leaps of its VA were registered in 1999 and 2002 [23] . Similar leaps of 137 Cs VA are episodically observed in the coastal waters up to now.
The most reliable description of the course of VA of 137 Cs radionuclide in the coastal waters of the Baltic Sea refers to average annual values (Table 1) . [17] . This fact confirms a possibility of temporary formation of anomalous high 137 Cs VA in the SEPBS. The stated above number differs by its magnitude from average annual values (Table 1) .
The individual results of measurements in the coastal waters in 1996-2002 didn't exceed an annual number 11 [23] , therefore, the greatest interest occurs in comparison of the data obtained from a greater number of measurements.
Such a period of observation appeared to be in [2003] [2004] [2005] . The extreme values of 137 Cs VA registered in this period are presented in Table 2 . The greatest difference between maximum and minimum values of radionuclide 137 Cs VA (42 Bq/m 3 ) falls to 2004. Since July to October of 2004 the cyclic variations of VA of this radionuclide were observed, i e the series of its increase and decrease [18] . However, in 2005 the absolute magnitude and time trend of 137 (Table 3 ). The obtained results of 137 Cs VA (Table 3) differ essentially from the results of individual measurements in previous years [23] Average monthly values of radionuclide 137 Cs VA in the coastal waters of the Baltic Sea
The highest values are registered in 2004, when the greatest instability of absolute values of 137 Cs VA was observed [20] . The curves presented in Fig 2 define a possible tendency of changes in 137 Cs VA in coastal waters of the Baltic Sea.
Discussion of experimental data
A wide information on changes in 137 Cs VA in the coastal waters of the Baltic Sea at the observation station of Juodkrantė was obtained in [2003] [2004] [2005] . But the number of measurements per month is different, and it hinders to make a reliable comparison of the absolute values of 137 Cs VA and the tendency of its change in time as well. Thus the averaged values are to be assumed as approximate ones.
However, the results of individual observations appeared to be different. In certain cases they did not outgo beyond the limits of experiment errors but fairly often 137 Cs VA changed significantly, sometimes its absolute value differed two times, i e the "spots" of 137 Cs VA formed, which dissipated within a few days. This phenomenon was the most characteristic for 2004 year. 62±6  69±7  74±7  66±7  75±8  75±8  48±5  50±5  56±6  46±5  45±5  50±5  54±5  55±6  54±5  54±5  52±5  49±5  50±5  54±5  51±5  57±6  48±5  47±5  46±5  41±4  46±5  53±5  41±4  45±5  44±4 970  965  990  990  1050  1050  1025  1050  1025  1025  -995  900  900  900  960  960  990  930  960  955  965  980  -880  920  940  960  920  960  950  960   3  3  3  4  3  3  5  4  4  3  6  6  2  2  3  2  3  3  4  6  5  2  2  3  3  6  4  2  5  6  4  6   northwest  north  east  east  north  east  southeast  north  west  southwest  northwest  north  northwest  northwest  east  east  east  east  southeast  west  west  northwest  east  north  west  north  north  northeast  southwest  south  west  southeast The formation of enlarged 137 Cs VA observed in 2004 is impossible only due to natural hydrophysical processes. The lifting of 137 Cs from deep to surface waters is rejected too because 137 Cs VA in deep and surface waters differs insignificantly [21, 22] . The lifting of the radionuclide to surface waters from bottom sediments is not real as well, since the radionuclide practically is not washed out owing to its strong bonds with sediments [24] . Of course, a certain influence of freshwater from the Curonian Bay is possible at the observation station near Juodkrantė and at the whole coast of the Curonian Spit (Fig 1) . However, it can be attributed to the local phenomena due to which 137 Cs VA can only decrease. It should be noted that such facts are easily verified according to change in salinity (conductivity) and temperature of sea water.
The impact of intensity of precipitations practically did not afflect the magnitude of 137 Cs VA if to take into consideration the fact that in August of 2005 the amount of precipitations in the sea coast area tripled the normal level. Therefore, the most probable is the transfer of the radionuclide from the regions of a greater activity to coastal waters. Unfortunately, the information about such regions is unavailable for the authors. However, it is found that radionuclide 137 Cs is not a fresh decay product, since in the analysed seawater samples radionuclide 134 Cs, which is easily found, practically was absent, i e its activity did not exceed the limits of measurement errors.
Average annual 137 Cs VA values appeared to be inconstant in the last three years (Table 1) , and the extreme values appeared to be different as well (Table 2) . Discrepancy between average annual experimental [18] and calculated [12, 13] The data obtained in 2004 may be interpreted as formation of local radioactive sources of contamination in surface waters as a result of the dumping of radioactive waste in the marine zone of Lithuania or its transfer from the other sea regions. The leaps of 137 Cs VA did not correlate with hydrometeorological parameters, therefore, these phenomena appeared to be independent of the variations of hydrometeorological conditions.
In the summer-autumn period of 2005 the local sources of radioactive contamination apparently were absent or they were diluted by intensive precipitations and increased flow of terrestrial waters. In this period a satisfactory coincidence of experimental and calculated data was observed; they were found to be within the limits of experiment errors.
Conclusions
1. Significant variations of 137 137 Cs radionuclide VA and hydrometeorological parameters or the intensity of precipitations was not observed; it confirms independence of formation of the leaps of 137 Cs radionuclide VA of hydrometeorological parameters.
